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518a Tuesday, February 18, 2014concentration of cholesterol or certain phospholipid species) could in turn
affect the behaviour of transmembrane proteins such as G protein-coupled re-
ceptors (GPCRs). To study the impact that an altered membrane structure has
on GPCR aggregation, we performed long-timescale molecular dynamics sim-
ulations of GPCR oligomers, a complex thought to be involved in different dis-
eases (e.g. central nervous system disorders). Interestingly, our simulations
show that the aggregation of GPCRs is highly dependent on structural changes
at the membrane level. To corroborate this effect, we have subsequently carried
out bioluminescence resonance energy transfer (BRET) experiments in cells.
Preliminary BRET results show that GPCR aggregation is significantly affected
by the composition of cell membranes. Whereas the alteration of certain mem-
brane properties (such as membrane thickness) have already been proposed to
affect the activity of transmembrane proteins [1], here we report, for the first
time, the key role of specific membrane components in the modulation of
GPCR aggregation.
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Approximately 50,000-190,000 adults and 24,000 newborn per year in the U.S.
develop Acute- and Neonatal-Respiratory Distress Syndrome (ARDS&NRDS),
respectively. For more than a couple of decades, many researchers have been
tackling the problem of how to investigate lung surfactant behavior, especially
of the relationships between the lipids and the natural lung surfactant proteins,
by using techniques such as the Langmuir-Trough or Pulsating Bubble Surfac-
tometer (PBS). Currently, we are developing a new method of the micropipette
manipulation technique for lung surfactant surface tension measurement. The
technique builds on previous studies that used a simple tapered micropipet to
measure liquid-gas and liquid-liquid interfacial tension [1-2]. Working with
micropipettes that contain the aqueous phase but viewed in air allows us to
measure interfacial tensions at controlled pressures and interfacial radii when
lung surfactant material is introduced, as in delivery of liquids to the lung
alveoli. The new measurements of calf lung surfactant, Infasurf, at the
aqueous-air interface showed how the interfacial tension g at 37 degree Celsius
was rapidly reduced from 70.3 to 21.15 0.1 mN/m. One of the advantages of
this technique is that by using a second delivery pipette it can be used to
observe kinetic processes like adsorption, condensation and desorption of
interfacial materials. In order to provide a reversed cone shape for the delivery
measurements, we modified the pipette shape to be "trumpet-shaped". We will
present more details at the meeting regarding lung surfactants and synthetic
systems that have been studied.
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Human factor Xa (FXa), and its cofactor (FVa), play a key role in blood coag-
ulation by activating prothrombin to thrombin. Phosphatidylserine (PS),
exposed on activated platelet membranes, allosterically promotes prothrombin
activation by FXa. To gain insight into the structural basis of this allosteric
regulation, we used fluorescence resonance energy transfer (FRET) to monitor
changes in FXa length in response 1] to soluble PS (dicaproyl-phospahtidylser-
ine; C6PS), 2] to PS membranes, and 3] to FVa in the presence of C6PS and
membranes. We incorporated a FRET pair with donor (fluorescein) at the active
site and acceptor (Alexa fluor 555) near but not in the membrane. Results
demonstrate that FXa structure changes in response to binding of C6PS to
two sites, a regulatory site (R) at the N-terminus (previously identified as
involving the Gla and EGFn domains) and a presumptive protein-recognitionsite in the catalytic domain (P). Binding of C6PS to the regulatory site increased
the inter-probe distance by ~ 3 A˚, while saturation of both sites further
increased the distance by ~ 10 A˚. FXa binding to a membrane produced a
smaller length increase (~1.6 A˚), indicating that FXa has somewhat different
structures on a membrane and when bound to C6PS in solution. However,
when both FVa2 and either C6PS or PS-containing membranes bound to
FXa, the overall changes in length were comparable (~ 5.8 A˚), indicating
that C6PS and PS-containing membranes in conjunction with FVa2 have com-
parable regulatory effects on FXa. We conclude that reported functional regu-
lation of FXa by C6PS or membranes in conjunction with FVa2 correlates with
structural regulation demonstrated here. Results further demonstrate the poten-
tial usefulness of FRET in analyzing structure-function relationships in FXa
and in the FXa.FVa2 complex. Supported by NIH grants HL72827 to BRL
and HL43106 to WHK.
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Evidence of preferential interactions between sphingolipids and cholesterol,
and the identification of cholesterol binding pockets in some membrane pro-
teins highlights the importance of lipids in the regulation of membrane protein
function. However, the mechanism through which these lipid-protein interac-
tions modify the conformation and activity of membrane proteins is not yet un-
derstood. In vitro, cholesterol is known to affect micelle physical properties and
has been found to interact directly with some membrane proteins. Previous
studies of a G protein-coupled receptor (GPCR), human adenosine A2A recep-
tor (hA2AR), purified using the detergent dodecylmaltoside (DDM) showed that
the presence of a cholesterol analog was critical for ligand binding and the
structural stability of the receptor. Here, we present biophysical characteriza-
tion and ligand binding studies of the hA2AR purified using a short chain lipid
(1,2-dihexanoyl-sn-glycero-3-phosphocholine, DHPC), which indicate that
cholesterol is not needed to maintain the functionality and stability of the
hA2AR in this lipid system. Differences in stability and ligand binding affinity
are observed when the receptor is purified using these detergent and lipid sys-
tems, emphasizing the importance of the solubilization environment on recep-
tor functionality. We will highlight the use of fluorescence polarization in
characterizing this stability, for example, following protein storage or lipid
addition.
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How does a cell decide it’s front or back? According to studies of chemotaxis in
Dictyostelium discoideum, an important factor is the mutually exclusive local-
ization of PIP3 and PIP2, which are interconvertible phosphostates of the
phosphatidylinositol membrane lipid. PTEN, an enzyme that catalyzes dephos-
phorylation of PIP3 to PIP2, plays an important role in regulating dynamic
self-organizing distributions of PIP2 and PIP3. In a previous study, we demon-
strated self-organizing patterns by analyzing bulk PIP3 and PTEN fluorescence
distributions at the membrane. In addition, we measured the single-molecule
level membrane association kinetics of PTEN. In order to understand the
self-organization mechanism at the level of individual molecules, it is neces-
sary to couple these results.
To achieve this, we set up a new measurement method, dual fluorescence detec-
tion TIRFM (Total Internal Reflection FluorescenceMicroscopy) that allows us
to measure single-molecule kinetics and multi-molecule localization simulta-
neously. This method enable us to examine correlations between single-
molecule PTEN kinetics and the local bulk density, or fluctuations in density,
to elucidate the role of PTEN in self-organization. We find that PTEN kinetics,
in particular the membrane binding on-rate and off-rate vary as a function of
bulk PTEN localization and fluctuation patterns. This indicates that some
mechanism promotes or restrains PTEN binding to the membrane. To identify
the molecular causes of local changes in PTEN kinetics, we are now performing
this analysis with other molecules involved in this self-organizing molecular
network.
